ABSTRACT. Surveillance of jaagsiekte sheep retrovirus (JSRV) infection was performed by polymerase chain reaction (PCR) of blood DNA samples collected from 40 sheep and goats in 10 different flocks in Hokkaido, the northern island of Japan. No exogenous (oncogenic) JSRV sequence was detected by PCR in these samples, while the ovine endogenous retrovirus sequence was successfully amplified in all samples. Our paper is the first demonstration of JSRV surveillance in Japan and shows no evidence of oncogenic JSRV infection in sheep and goats in Hokkaido.
Ovine pulmonary adenocarcinoma (OPA) and enzootic nasal adenocarcinoma (ENA) are contagious neoplasms caused by ovine -retroviruses, jaagsiekte sheep retrovirus (JSRV) and enzootic nasal tumor virus type 1 (ENTV-1), respectively; OPA arises from secretory epithelial cells (type II pneumocytes and Clara cells) of the distal airways in the lungs, while ENA arises from secretory epithelial cells of the ethmoid turbinate of the nasal cavity in the nasal glands of goats and sheep [5] . From a virological point of view, the JSRV and ENTV envelope proteins are thought to be the causative factors of OPA and ENA, respectively [12] .
It was reported that the incubation period of OPA was on average 6-8 months after infection and that the mortality in sheep in first-introduced flocks was 30-50% in the first year, resulting in large economic losses for farmers [20] . A typical clinical sign of sheep with OPA is the flow of abundant mucoid fluid containing infectious JSRV from nostrils; in some severe cases, as much as 300 ml of fluid accumulates. The concern is that the fluid and/or aerosol from nostrils may contaminate farms and pastures, and then the disease may spread and persist subclinically in flocks. Therefore, rapid and reliable diagnosis of sheep, even those that appear healthy, is important.
OPA and ENA can be found worldwide, except in Australia and New Zealand [5] . JSRV has been eradicated in Iceland, so it is now also free from OPA [5] . In Japan, since sheep have been imported from not only OPA-free countries including Australia and New Zealand but also from countries reporting OPA, including the UK, the U.S.A. and Canada, there is concern that JSRV might have contaminated imported sheep. Even though there are two reports describing naturally occurring ENA cases in Japan [10, 18] , it is unknown whether sheep and goats in Japan are infected with JSRV. In this study, we investigated for the first time whether or not JSRV is present in sheep in Hokkaido, the northern island of Japan, which is the major sheep-breeding district (> 50%) in Japan.
While antibodies against JSRV are not induced in sheep [13] , the JSRV genome can be detected in peripheral blood cells [8] Table 1) . The ages of the sheep/goats used in this study ranged from 1 to 48 months, and the average age was approximately 14.8 months (Table 1) ; in general, OPA appeared in sheep ranging in age from 2 months to 11 years, and most clinical cases are thought to occur between 2 and 4 years of age [9] .
We performed polymerase chain reaction (PCR) to detect the JSRV genome as previously reported [14] . The PCR cycle of the amplification consisted of initial denaturing at 95°C for 2 min, followed by 40 amplification cycles of denaturing at 95°C for 30 sec, primer annealing at 57°C for 1 min and extension at 72°C for 1 min, ending with a final extension at 72°C for 7 min with P1 and P2 primers to amplify a sequence of 229 bp in the gag region of both oncogenic JSRV and ovine endogenous retroviruses [7, 16] ( Table 2 ). The amplified 229 bp fragment contains a Sca I restriction enzyme site in all known oncogenic JSRVs but not in ovine endogenous retroviruses [6, 14, 19] . To distinguish these viruses, we digested the PCR fragments with Sca I, and found that none of the PCR products had Sca I sites (Fig. 1) . For the internal control, PCR to amplify ovine glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was also performed to check the condition of the genome [15] ( Table 2) , and all samples were positive for the amplification of GAPDH (not shown). Furthermore, we performed a hemi-nested (hn)-PCR that could specifically detect the oncogenic JSRV, as previously performed by several investigators [1-4, 15, 17] . The PCR cycle of the first round of amplification consisted of initial denaturing at 96°C for 3 min, followed by 40 amplification cycles of denaturing at 94°C for 30 sec, primer annealing at 59°C for 1 min and extension at 72°C for 1 min, ending with a final extension at 72°C for 7 min with P-I and P-III primers to amplify a sequence of 176 bp in the U3 region of the JSRV long terminal repeat (LTR) ( Table 2 ). Then, the second round of amplification was performed with P-I and P-VI primers to amplify a sequence of 133 bp within the first PCR (Table 2) . Even in this sensitive hn-PCR, the JSRV genome could not be detected (not shown). Thus, as far as we have tested in this study, oncogenic JSRV was not detected in sheep on Hokkaido island, Japan.
De las Heras et al. reported that the incidence of JSRV infection, determined by the same method, in not only sheep with clinical evidence of disease but also sheep with no evidence of disease or from countries free of OPA [2] . In the surveillance, they were able to detect the oncogenic JSRV in 16.6-83.3% of sheep with no evidence of disease. However, Lewis et al. pointed out that the sensitivity was relatively low and depends on the clinical stage [11] ; PCR might inevitably produce false negative results, suggesting that improvement of the PCR method is required.
In conclusion, sensitive PCR methods detected no JSRVconserved sequences in the LTR or gag region in sheep and goats in Hokkaido, the northern island of Japan. However, the sample size was relatively small; the results obtained in this study do not exclude the possibility that the oncogenic JSRV is present in some areas in Hokkaido. Thus, continuous surveillance of JSRV infection in sheep and goats should be performed. As a follow-up to this study, the incidence of JSRV infection in sheep and goats in other areas of Japan is currently being investigated. Fig. 1 . Results of PCR followed by Sca I digestion. PCR was performed with primers P1 and P2 described in Table 2 . The plasmids pJSRV 21 (GenBank accession number AF105220) and penJS56A1 (GenBank accession number AF153615) were used as positive and negative controls for restriction enzyme Sca I digestion, respectively. The PCR products were digested with Sca I at 37°C for 1 hr, and visualized by electrophoresis in 2.5% agarose gels stained with 1 g/ml ethidium bromide. Numbers indicate the sample IDs shown in Table 1 . EN, endogenous penJS56A1 plasmid; EX, exogenous pJSRV 21 plasmid; M, molecular size markers of 50 bp; NC, negative control with water.
